The lips are a complex laminated structure. When lost through injury or disease, they present a complex reconstructive challenge. The facial artery musculomucosal (FAMM) flap is a composite flap with features similar to those of lip tissue. In this article, the anatomy, dissection, and clinical applications for the use of the FAMM flap in lip and vermilion reconstruction are discussed. A series of 16 FAMM flaps in 13 patients is presented. Seven patients had upper-lip reconstruction and six had lower-lip reconstruction. Superiorly based FAMM flaps were used in eight patients, and eight inferiorly based flaps were performed in five patients. Three patients had bilateral, inferiorly based flaps. In summary, the FAMM flap is a local flap that can be used for lip and vermilion reconstruction. Although not identical to the lip, it has many similar features, which make it an excellent option for lip reconstruction. (Plast. Reconstr. Surg. 105: 864, 2000 .)
The lips are complex, laminated structures consisting of skin, subcutaneous tissue, muscles, submucosa, and mucosa. The vermilion spans the junction between the intraoral, moist mucosa and the keratinized, dry mucosa that join the skin at the white roll. Further, the lips have an exquisite contour, with a fullness in the central part of the upper lip located immediately below the appropriately named Cupid's bow. The upper lip protrudes anteriorly and overlies the lower lip, which also has a characteristic contour. The upper and lower lips connect at the commissures, where the vermilion narrows and is pulled inward and lateral to the modiolus, where the muscles responsible for smiling blend with the muscles of oral competence.
Clearly, when the lip is lost through injury or disease, complete restoration is an unattainable goal, and reconstruction is a challenge that relies mainly on sharing adjacent lip elements for reconstruction. Smaller, vertical segmental losses can readily be repaired by advancing composite lower-lip elements. However, larger vertical segmental losses and horizontal losses, especially involving the vermilion, are more difficult to reconstruct.
The facial artery musculomucosal (FAMM) flap, which is taken from the lateral cheek, is a composite flap. Although the tissue is not the same as that in the lip, it has many features that make it a reasonable compromise for lip and vermilion reconstruction.
The FAMM flap is an axial flap based on the facial artery as it courses through the cheek lateral to the buccinator muscle, but medial to most of the other muscles of facial expression. It consists of the mucosa, submucosa, a small amount of buccinator muscle, and a more deeply lying facial artery and venous plexus. It may be used as a superiorly based flap, which is perfused in a retrograde manner by the angular artery, a continuation of the facial artery; it may also be based on the superior labial branches and other anastomotic branches from the infraorbital vessels (Fig. 1) . The flap may also be based inferiorly on the facial vessels as they enter the face at the anterior edge of the masseter muscle (Fig. 2) . We have used the FAMM flap to reconstruct a variety of structures, including the palate, alveolus, nasal lining, maxillary antrum, tonsilar fossa, soft palate, and the floor of the mouth. 1 Additionally, the FAMM flap has been used successfully for lip and vermilion reconstruction. Both the upper and lower lip have been reconstructed using both superiorly and inferiorly based flaps. We used this flap successfully in 13 lip and vermilion reconstruction. The anatomy of the flap and our clinical experience with it will be described in this article.
ANATOMY
The anatomy of this flap was previously described, 1 and it is summarized here. The vascular plexus of the cheek is located between the laminae of the perioral muscles. The buccinator muscle forms the deepest layer of the perioral muscles, and it is considered part of a sphincteric muscular system: the pharyngealbuccal-orbicularis sphincter has multiple functions, such as whistling, sucking, and propelling food during mastication. The buccinator muscle is covered medially by submucosa and mucosa and laterally by the external lamina of the muscles of facial expression, the masseter, ramus of the mandible, buccal fat pad, facial artery and vein, and buccopharyngeal fascia.
The blood supply to the cheek and its musculature comes from several sources. There is a rich blood supply from the buccal artery, which forms the basis for Bozola et al.'s 2 axial flap, and from branches of the facial artery. Additional contributions come from the posterior superior alveolar artery and infraorbital artery. The rich venous drainage occurs by means of a plexus draining posteriorly to the pterygoid plexus and internal maxillary vein and anteriorly to the facial vein.
The facial artery, a branch of the external carotid artery, enters the face by hooking around the lower border of the mandible at the anterior edge of the masseter muscle. It follows a tortuous course, passing upward and forward to a point lateral to the commissure of the mouth, where it lies deep to the risorius, zygomaticus major muscle, and superficial lamina of the orbicularis oris muscle. It lies superficial to the buccinator, the levator anguli oris muscle, and the lateral edge of the deep lamina of the orbicularis oris muscle, and it has a variable relationship to the levator labii superioris muscle. At this point, it gives multiple perforators to the cheek and the superior la- bial artery. It continues as the angular artery and reaches the medial canthus. It also communicates with the buccal and infraorbital arteries. DISSECTION We previously described the technique of raising the FAMM flap 1 , but certain points must be emphasized to ensure the survival of these flaps. For lip and vermilion reconstruction, a long, narrow flap is generally required. For this reason, it is absolutely mandatory that the flap be extended over the facial artery so that the artery remains axial throughout the entire length of the flap. A Doppler ultrasound is used to mark the course of the facial artery. Then, for a superiorly based flap, the dissection commences anteroinferiorly by cutting through the mucosa, submucosa, and buccinator to expose the facial artery. The procedure does not proceed further until the facial artery is definitely identified, ligated, and divided. The rest of the flap can then be incised, and the dissection continues from inferior to superior, developing the flap containing the mucosa, submucosa, a strip of the underlying buccinator and, most importantly, the facial artery, which has fairly loose connections to the buccinator. In this manner, a long, axial flap measuring 7 to 8 cm can be raised safely. Because of the multiple layers included in the flap, the flap is about 8 to 10 mm in thickness. Typically, it is pink and viable, and it bleeds freely, even at its distal end. Surprisingly, the flap does not appear congested, although no obvious large vein runs with the facial artery, especially when the flap is superiorly based.
For flaps that are inferiorly based, a similar procedure is followed. After the facial artery has been identified by Doppler ultrasound and marked on the mucosa, the surgery commences anterosuperiorly to identify the artery in the upper lip. Often, it may be easier to find the artery 1 cm lateral to the oral commissure and dissect this out superiorly where the artery is ligated and divided. The rest of the flap is then incised and raised as an inferiorly based axial flap, again taking care to include the artery in the entire length of the flap. When raised inferiorly, the facial vein will become evident as it approaches the artery from a more lateral location in the cheek.
The FAMM flap is ideal for reconstructing the inner, moist lip mucosa because it consists of similar tissue, with the same color, texture, and moisture as a normal lip. When used for vermilion reconstruction, some drying-out of the mucosa will occur, but otherwise a good color match can be obtained. Also, the bulk of the flap helps to restore lip fullness in cases of total lip loss.
CLINICAL APPLICATIONS
Since 1989, we have used 16 FAMM flaps in 13 patients for lip and vermilion reconstruction. The patients included 9 males and 4 females, with ages ranging from 7 to 61 years.
Reconstruction of the upper lip was undertaken in seven patients and of the lower lip in six patients. In eight patients, the FAMM flap was based superiorly. In one patient, a contralateral superior flap was used. Three patients had bilateral inferior flaps, and two patients had unilateral inferior flaps. A list of patients, indications, and procedures is given in Table I .
To date, the most common diagnosis for which the FAMM flap was used for vermilion reconstruction was arteriovenous malformation. Five patients with this diagnosis were treated with the FAMM flap (seven flaps). For most of these patients, the upper and lower lip and one or both commissures were involved. In these patients, extensive defects resulted after radical excision of the malformation, which then required free flap reconstruction. The FAMM flap was a useful adjunct for lipvermilion reconstruction (Figs. 3 through 5) .
In three patients, the lip defect was second- ary to trauma; one defect was caused by a human bite (Figs. 6 through 8) , and another by a motor vehicle accident, with avulsion injury to the upper lip and maxilla. One patient had multiple injuries because of a gunshot wound to the midface, and the FAMM flap was used as an adjunct to other reconstructive procedures. The gunshot-wound patient required four free flaps before the FAMM flap for midfacial reconstruction.
Two patients with a diagnosis of squamous cell carcinoma were treated. In one patient, a composite nasolabial and FAMM flap was used to reconstruct a full-thickness defect of the upper lip that extended into the base of the nose. One patient with a sarcoma of the upper lip and nasal region was treated with an ascending helix flap for the nasal reconstruction and a FAMM flap for upper-lip reconstruction (Figs. 9 through 11). In one patient with hemifacial microsomia, a deficiency in the vermilion portion of the upper lip was augmented with a FAMM flap (Figs. 12 and 13) . A final patient had osteoradionecrosis of the mandible, with scarring and depression of the lower lip. This was debrided, and a FAMM flap was used to reconstruct the alveolus and adjacent lower lip.
DISCUSSION
Numerous techniques for lip and vermilion reconstruction have been described. Schulten, 3 in 1894, described the double-pedicle flap of the upper lip for the repair of a missing prolabium segment in the lower lip. Lexer 4 described a tongue flap in 1909. Other types of local advancement flaps were described by Friedlander, 5 Spira and Stal, 6 and Kolhe and Leonard. 7 For superficial resurfacing of the in 1987. In addition to local flaps, mucosal free grafts have also been described by Ahuja, 14 who used labia minora grafts for vermilion reconstruction.
More recently, the buccinator myomucosal flap was introduced by Rayner and Arscott 15 in 1987. In this report, a sensate musculomucosal random flap from the buccal mucosa is used to resurface the vermilion. Bozola et al., 3 in 1989, modified this flap slightly. They described an axial buccinator musculomucosal flap based on the buccal artery. Carstens et al., 16 in 1991, described a buccinator myomucosal flap based on the facial artery. Most recently, in 1997, Ono et al. 17 described a buccal musculomucosal flap that was also based on the facial artery.
Pribaz et al., 1 in 1992, described the FAMM flap. This flap differs slightly from the buccina -FIG. 12. A 33-year-old man with hemifacial microsomia who had a deficiency of the right upper-lip vermilion, which gave the patient an unattractive "snarling" appearance. He previously had unsuccessful attempts at reconstruction using synthetic GoreTex implants. tor or buccal mucosal flaps in orientation and arterial supply. The FAMM flap consists of mucosa, submucosa, a small amount of buccinator muscle, the deeper plane of the orbicularis oris muscle, and the facial artery and venous plexus. When used for lip reconstruction, it has the advantage of being completed in one stage, as compared with tongue flaps and cross-lip flaps, which require a secondary division and inset of the flap. Also, compared with other buccal flaps, the oblique orientation of the FAMM flap is more amenable for transposition in lip reconstruction. Although very large buccal musculomucosal flaps of the entire cheek could be safely raised because of the rich blood supply of the region, we have attempted to minimize donor-site morbidity by raising long, thin flaps. These axial flaps are, nonetheless, thick and robust, giving adequate bulk to the lip and allowing the donor defect to be easily closed. The oblique orientation of the flap allows resuturing of the muscular layer in a favorable direction for minimal interference with facial expression. After the initial postoperative swelling subsides, we have not noticed any significant weakness in the muscles of facial expression.
Although a strip of buccinator muscle is harvested with the flap, we have not studied whether this muscle remains functional after transfer. However, the muscular part of the flap is placed within the functioning orbicularis muscle. It appears to maintain its bulk and, thus, the contour of the lip.
